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Introduction {#sec001}
============

Self-efficacy is one of the most studied psychological correlates of physical activity (PA) and exercise behaviors \[[@pone.0225890.ref001]--[@pone.0225890.ref003]\]. A key construct of Bandura's social learning theory \[[@pone.0225890.ref004],[@pone.0225890.ref005]\], self-efficacy is defined as the confidence individuals possess about their capacity to execute a course of action even under challenging circumstances. Efficacy beliefs are influenced by both controllable and uncontrollable factors such as task mastery, role modeling, social support, and reinforcement of behaviors as well as self-evaluations of skills and competencies \[[@pone.0225890.ref004]\]. Using this framework, studies have reported a reciprocal relationship between children and adolescents' confidence in their motor abilities and capacity to engage in physical activities \[[@pone.0225890.ref006],[@pone.0225890.ref007]\]. Specifically, physical activity self-efficacy (PASE) has been associated with increased and long-term participation in PA \[[@pone.0225890.ref008]--[@pone.0225890.ref011]\]. Other variables that have been associated with PA participation in children and youth are enjoyment of physical activity (enjoyment of PA) and body weight satisfaction (BWS) \[[@pone.0225890.ref008],[@pone.0225890.ref012],[@pone.0225890.ref013],[@pone.0225890.ref014]\].

Enjoyment of PA relates to intrinsic motives, such as moods, feelings, and attitudes, including the sheer pleasure of participation in PA \[[@pone.0225890.ref014]\]. Enjoyment of PA has been reported in the literature as one of the leading determinants of PA in children and adolescents \[[@pone.0225890.ref015], [@pone.0225890.ref016]\]. This relationship can vary by sex, type of activity, and other factors such as body image. In their study, Butt and colleagues \[[@pone.0225890.ref015]\] found that male adolescents had more fun than females in activities where they were able to exert the physical characteristics of PA. Body image accounted for significant sex differences, where females, but not males, reported body image improvements as a major reason for their PA participation and lack for time as a barrier to participation. The study also reported increasing sex differences in body image perceptions with age, where, as they got older, females became more self-aware of their body shape and appearance than males.

BWS refers to the discrepancy between one's current/actual and ideal body image and body weight with scores of a lower magnitude suggesting satisfaction and scores of a higher magnitude suggesting dissatisfaction \[[@pone.0225890.ref017]\]. BWS is part of the broader concept of self-esteem but focuses on perceptions and attitudes about one's bodyweight, physical appearance and to some extent, physical ability \[[@pone.0225890.ref018]--[@pone.0225890.ref020]\]. Research evidence has established relationships between body weight dissatisfaction, depression, negative self-evaluations, and low participation in PA \[[@pone.0225890.ref021],[@pone.0225890.ref022],[@pone.0225890.ref023]\]. However, little is known about how these factors affect PA behavior of youth living with human immunodeficiency virus (HIV+) compared to their HIV-negative (HIV-) counterparts. There is also limited information about whether PA behaviors of the two groups are similar. A few known studies of BWS among HIV+ individuals who are on antiretroviral therapy (ART) suggest that emotional challenges associated with peripheral fat loss and central fat gain are not uncommon \[[@pone.0225890.ref024],[@pone.0225890.ref025]\]. Self-perceptions of body fat changes have also been associated with risks of lower adherence to ART \[[@pone.0225890.ref024]\]. Since regular participation in PA has been associated with improvements in physical self-perceptions across populations, it is conceivable this may have added benefits for individuals on ART, that include higher adherence to ART, greater sense of wellbeing, and increased PA levels.

Cultural perceptions of body image and body weight and their potential impact on enjoyment of PA and BWS cannot be ignored. Some studies suggest African societies are likely to associate thinness with ill-health and lower socio-economic status, while thinness might be viewed positively in most western societies \[[@pone.0225890.ref026],[@pone.0225890.ref027]\]. This may vary by age group. A study of urban and rural adolescents in Botswana reported that overweight and obese adolescents were more dissatisfied with their weight and body proportions than those with optimal body weight \[[@pone.0225890.ref028]\]. Males had greater dissatisfaction with their muscle strength and muscle tone than females. Evidence from elsewhere in Africa suggests that adults prefer a bigger body size while the youth tend to prefer a leaner body size \[[@pone.0225890.ref029],[@pone.0225890.ref030]\]. The evidence arouses some curiosity about the psychosocial determinants of PA and sedentary behavior among HIV+ youth on ART.

However, there is limited data on PA and sedentary behavior for children and youth living with HIV and on ART, specially in developing countries. This is despite the evidence that shows that individuals living with HIV are susceptible to debilitating psychological symptoms including chronic fatigue and anxiety \[[@pone.0225890.ref031]\], which can negatively affect PA behaviors. Since these and other factors have been associated with inactivity in the general population, they are equally likely to affect PA and sedentary behavior of individuals living with HIV. Investigations that examine if existing evidence on psychosocial determinants of PA and sedentary behavior of various youth populations equally applies to HIV+ youths would be highly informative. The evidence may expand existing knowledge and create a better understanding of the complex determinants of PA and sedentary behavior across populations.

To provide more context, the most recent global PA data among youth indicates that PA levels are generally below the evidence-based guidelines of 60 minutes of daily moderate-vigorous intensity activity \[[@pone.0225890.ref012],[@pone.0225890.ref013]\]. However, a major limitation of this research, highlighted in a comprehensive review of the literature by Cortis et al. \[[@pone.0225890.ref008]\], is the focus on upper-middle to high income populations in Europe, North America, and Australia. These heavily studied populations tend to be similar on a variety of demographic variables, such as race, culture, income, health and wellbeing, and quality of life. By contrast, evidence from low to middle income countries, ethnic minorities, and individuals living with HIV remains limited. This lack of evidence impedes our ability to understand the extent to which relationships between PA and psychosocial variables are invariant relative to factors like socio-economic status and chronic illness.

In one large-scale study of 34 African countries, researchers examined PA and sedentary behaviors among adolescents aged 13--15 years old \[[@pone.0225890.ref032]\]. The researchers reported that across the 34 countries only 24% of the males and 15% of females met the World Health Organization (WHO) recommended PA levels. Amongst adolescents from Botswana, males spent an average of 1.5 active days per week compared to 1 day per week for females. Botswana was among seven countries where at least 25% of the males and 29% of the females spent 3 or more hours per day in sedentary behaviors like watching TV, talking with friends, and playing video games. The data confirm that regular PA in Botswana is lower than the recommended guidelines and suggests the importance of exploring variables that might be predictive of PA in this population. Furthermore, the descriptive data reported in this study ignores the potential effects of HIV status on PA behavior. Such information would be relevant to understanding overall health and wellbeing of youth in countries where high HIV prevalence rates may be a concern. Based on estimates from the Joint United Nations Programme on HIV/AIDS (UNAIDS) in 2018 \[[@pone.0225890.ref033]\], the HIV prevalence rate for Botswana youth age 15--24 years was 5.6% for males and 11.2% for females. About 84% of all infected youth were receiving antiretroviral therapy (ART). A previous PA and nutrition study involving children on ART indicated they participated less in PA (34). This evidence has significant implications for disease management and the overall health and wellbeing of this population. The prevalence rate also suggests a need for more investigations on PA and sedentary behavior as potential indicators of health-related quality of life in the affected population.

Limited data on the relationships among PASE, BWS, enjoyment of PA, and PA and sedentary behavior among youth in an African context makes it imperative to investigate these relationships. Given the existing evidence of a stigma that associates thinness with ill-health in Southern African populations, it will be interesting to examine variations in BWS and PA among HIV+ and HIV- youth. Such evidence is likely to offer a better understanding of how efficacy beliefs and BWS may affect or be affected by participation in PA among individuals living with HIV. The evidence may also be useful to the development of suitable strategies for the promotion of PA among people living HIV. Therefore, the purposes of this study were to:

a.  Determine if differences exist in daily PA, muscle strengthening activities, and sedentary behavior by HIV status and sex, controlling for age and BMI.

b.  Determine if psychosocial correlates of PA (PASE, BWS, and enjoyment of PA) differ as a function of HIV status, controlling for age, sex, and BMI.

c.  Examine if PASE, BWS, and enjoyment of PA are associated with daily PA, muscle strengthening activities, and sedentary behavior, controlling for age, sex, and BMI.

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

A total of 250 HIV+ and HIV- youth (138 females) aged 12--23 years (Mean = 17.87, SD = 2.24) participated in the study. The HIV+ group (n = 88) was part of a previous 12-month ART and nutrition randomized control trial involving 201 children aged 5--12 years old \[[@pone.0225890.ref034],[@pone.0225890.ref035]\]. Participants in this group were recruited into the first study at the point of their initial enrollment in an ART program offered by a pediatric clinic. That study ended 6 years prior to the current one. At the time of the current study, the group had made significant gains on overall health and wellbeing to the extent that they were comparable to their non-HIV infected counterparts on selected indicators. The HIV- group (n = 162; 94 female) was recruited from public junior and senior high schools in and around Gaborone the capital of Botswana. The decision to recruit the HIV- group from junior and senior high schools was to get youth of a comparable age-range to the HIV+ group from the previous study. Most of the HIV+ youth were at junior and senior high school.

Procedures {#sec004}
----------

After all the required ethical clearance had been obtained, the HIV+ group was contacted by phone and invited to participate in the study. The invitations were done through the pediatric clinic which had their contact information. A total of 108 out of the possible 201 participants responded to the phone calls and, of these, 88 agreed to take part in the current study. Twenty declined to participate because of constraints such as living in another town that was too far away from the study center. Ninety-two did not return the calls or the calls did not go through. The research team visited target schools to recruit participants to the HIV- group. Information about the study was passed through school counsellors. After participants and their parents gave consent and assent to take part in the study, as well as share the results from the HIV tests with the study, they were referred to the voluntary counselling and testing center for HIV screening. The HIV counselling and testing centers are manned by personnel who have been trained on HIV-related counselling and testing. Out of a total of 169 students recruited and referred for screening, seven declined to take part in the study, resulting in a 96% response rate. Study assessments were done on weekends at a youth facility in Gaborone. All participants completed questionnaires on their own, with the help of trained research assistants where necessary. The questionnaires were in English, which is the official language in Botswana.

Measures {#sec005}
--------

### Demographics questionnaire {#sec006}

A demographic information questionnaire was used to gather such information as age, sex, and school level.

### Anthropometric measurements {#sec007}

Anthropometric measures including height, weight, waist and hip circumferences were taken.

### Daily physical activity and muscle strengthening {#sec008}

Daily PA and sedentary behavior were assessed using self-report items from the Youth Risk Behavior Surveillance System (YRBSS) \[[@pone.0225890.ref036]\]. Participants were asked to indicate how many days out of the past seven they were physically active for a total of 60 minutes in a day. The same was done for exercises aimed at strengthening or toning muscles, such as push-ups, sit-ups, and weightlifting. This variable was labelled muscle strengthening activities.

### Sedentary behavior {#sec009}

Sedentary behavior was also assessed using self-report items from the YRBSS \[[@pone.0225890.ref036]\]. Participants were asked to indicate the number of hours in an average school day that they spent watching TV or playing videogames. The items were ranked from zero (I do not watch TV or play video games on an average school day) to seven (I watch TV or play video games 5 or more hours per day). The two items were combined and used as a measure of sedentary behavior. They were recoded from 1--3 with 1 representing no TV and Video watching, 2 representing .5-2hrs, and 3 representing more than 2 hrs of TV and video games per day. Daily PA, muscles strengthening behavior, and sedentary behavior items have been widely used in population-based surveys of children, adolescents, and young adults \[[@pone.0225890.ref013],[@pone.0225890.ref037],[@pone.0225890.ref038]\]

### Body mass index (BMI) {#sec010}

Body weight was measured to the nearest 0.1 kg in light clothing using a portable Tanita digital scale (Tanita, Tokyo, Japan). Height was measured without shoes using a portable stadiometer (Seca, Hamburg, Germany) accurate to 1 mm. BMI was calculated (weight in kg/height in m^2^), and participants were assigned to the appropriate BMI category for age using the World Health Organization (WHO) classification: underweight (BMI \< 18.50 kg/m^2^), normal weight (BMI 18.50--24.99 kg/m^2^), overweight (BMI ≥ 25 kg/m^2^), and obese (BMI ≥ 30 kg/m^2^) \[[@pone.0225890.ref039]\].

### Body weight satisfaction {#sec011}

Body weight satisfaction (BWS) was determined as a congruence score between participants' self-rating on body size (perceived body size) and their BMI classification based on WHO cut-off points \[[@pone.0225890.ref039]\]. This approach has been used successfully before in studies of body image \[[@pone.0225890.ref029], [@pone.0225890.ref040]\]. Perceived body size items ranged from 1 (underweight) to 4 (obese) and were adapted from the YRBSS \[[@pone.0225890.ref036]\]. BMI categories (underweight, normal weight, overweight, and obese) were represented by similar points (1 = underweight and 4 = obese). Congruence scores ranging between -3 and 3 were obtained by subtracting body size perception scores from BMI classifications. The absolute value of the BWS was also calculated so that perceptions of weighing less than actual and perceptions of weighing more than actual were considered to represent the same construct of having an inaccurate perception of weight.

### Physical activity self-efficacy (PASE) {#sec012}

PASE was assessed using seven items adapted from a PA Self-Efficacy Scale \[[@pone.0225890.ref041]\]. The self-rating items ask participants to rate how confident they are, on a scale of 1--5, about their ability to be physically active during their free time even under various constraints. The constraints could be doing homework, watching TV, or playing video games. An example of the items is, "I know I can be physically active during my free time on most days" followed by five options ranging from "I cannot do this" (1) to "I am certain I can do this (5)." A test-retest reliability of a single factor solution of .84 from these items has been reported \[[@pone.0225890.ref041]\]. The data from the current study showed that a single factor based on the seven items had acceptable internal consistency with Cronbach's α = .74. The usefulness of this unidimensional measure of self-efficacy has been previously supported \[[@pone.0225890.ref042]\]. Participants were also asked to rate their enjoyment of PA on a single item with a scale of 1 (very poor) to 5 (better than most).

Ethical clearance {#sec013}
-----------------

Permission to conduct this research was obtained from the Ethics Committees of the Ministry of Health in Botswana. IRB approvals were obtained from the collaborating institutions in Botswana. In addition to providing assent, all participants under 21 years had to provide signed consent from parents or legal guardians to participate in the study. Those aged 21 years and above, which is considered legal age of consent in Botswana, offered their own verbal and written consent. All the participants were required to provide verbal and signed assent/consent prior to completing questionnaires. Individuals and their parents/guardians were made aware of their rights to decline participation, withdraw from the study at any point, or decline to answer any questions.

Statistical analyses {#sec014}
--------------------

Descriptive statistics for demographic and various health indicators are presented, and independent samples t-tests and chi-square analyses were conducted to test for differences as a function of HIV status and sex. A multivariate analysis of variance (MANOVA) tested for simultaneous differences in a set of three dependent variables assessing physical activity behavior (daily PA, muscle strengthening activities, and sedentary behavior) by HIV status and sex. Given the potential age and BMI differences, these were included in the model as covariates. An examination of the Box's M test showed that homogeneity of variance-covariance matrices was not violated. A second MANOVA was used to examine if PASE, BWS, and enjoyment of PA differ as a function of HIV status, controlling for age, sex, and BMI. A subsequent analysis was also conducted by repeating this MANOVA with the absolute value of BWS used as a dependent variable to identify if the direction of the discrepancy impacted the results. Multiple regression models were then run to test for the association of PASE, BWS, and enjoyment of PA with each of daily PA, muscle strengthening activities, and sedentary behavior. Age, sex, and BMI were entered simultaneously in the models to control for their effects on daily PA, muscle strengthening activities, and sedentary behavior. To avoid the inflated likelihood of a Type I error due to multiple testing, the significance level of each test (i.e., α) was adjusted using the Bonferroni correction that divides the significance level by the number of tests, resulting in .017 (= .05/3). An inspection of model assumptions indicated that linearity, normality, and multicollinearity assumptions were met for all model analyses. The data were analyzed using the Statistical Package for Social Sciences (SPSS) (Version 24).

Results {#sec015}
=======

Demographic and health variables were examined to consider differences as a function of HIV status and sex. The data showed that the groups were similar across many of these variables. However, the HIV- group was significantly younger than the HIV+ group. The HIV- group was also taller, and heavier than the HIV+ group, but there were no significant differences in BMI. The HIV+ had more cases of diabetes and asthma than the HIV- group. In this sample, the females were significantly younger than the males. They were also significantly shorter and lighter than the males but did not have significantly different BMI. A summary of this information is presented in [Table 1](#pone.0225890.t001){ref-type="table"}.

10.1371/journal.pone.0225890.t001

###### Demographic and health characteristics by HIV status and by sex .

![](pone.0225890.t001){#pone.0225890.t001g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                              HIV+\                                             HIV-\            p-value                                               Males\           Females\        p-value                                               Total
                                                        N = 88                                            N = 162                                                                N = 111          N = 138                                                               
  ----------------------------------------------------- ------------------------------------------------- ---------------- ----------------------------------------------------- ---------------- --------------- ----------------------------------------------------- ---------------
  Age (years), M ± SD                                   18 ± 1.74[^a^](#t001fn002){ref-type="table-fn"}   17.45 ± 2.36     [^**b**^](#t001fn003){ref-type="table-fn"}p \< .001   18.31 ± 2.01     17.51 ± 2.34    [^**b**^](#t001fn003){ref-type="table-fn"}p = .005    17.87 ± 2.24

  Height (cm), M ± SD                                   159.79 ± 9.18                                     162.71 ± 53.70   [^**b**^](#t001fn003){ref-type="table-fn"}p = .02     167.26 ± 10.53   157.21 ± 5.95   [^**b**^](#t001fn003){ref-type="table-fn"}p \< .001   161.69 ± 9.69

  Weight (kg), M ± SD                                   49.26 ± 6.97                                      53.70 ± 10.29    [^**b**^](#t001fn003){ref-type="table-fn"}p \< .001   54.5 ± 8.51      50.25 ± 9.85    [^**b**^](#t001fn003){ref-type="table-fn"}p \< .001   52.15 ± 9.49

  BMI (kg/m^2^), M ± SD)                                19.37 ± 3.08                                      20.33 ± 4.07     [^**b**^](#t001fn003){ref-type="table-fn"}p = .06     19.62 ± 3.85     20.30 ± 3.70    [^**b**^](#t001fn003){ref-type="table-fn"}p = .156    19.99 ± 3.78

  BMI Categories[\*](#t001fn005){ref-type="table-fn"}                                                                      [^c^](#t001fn004){ref-type="table-fn"}p = .276                                         [^c^](#t001fn004){ref-type="table-fn"}p = .123        

      1 Underweight                                     40 (45%)                                          65 (40%)                                                               54 (48%)         51 (37%)                                                              105 (42%)

      2 Normal weight                                   45 (51%)                                          84 (52%)                                                               53 (48%)         76 (55%)                                                              129 (52%)

      3 Overweight                                      1 (1%)                                            10 (6%)                                                                2 (2%)           9 (7%)                                                                11 (4%)

      4 Obese                                           1 (1%)                                            3 (2%)                                                                 2 (2%)           2 (1%)                                                                4 (2%)

  Diabetes, n (%)                                       18 (21%)                                          11 (7%)          [^c^](#t001fn004){ref-type="table-fn"}p = .01         12 (11%)         17 (13%)        [^c^](#t001fn004){ref-type="table-fn"}p = .76         29 (12%)

  Hypertension, n (%)                                   0                                                 1 (.6%)          [^c^](#t001fn004){ref-type="table-fn"}p = .45         1 (.9%)          0               [^c^](#t001fn004){ref-type="table-fn"}p = .26         1 (.4%)

  Asthma, n (%)                                         10 (11%)                                          6 (4%)           [^c^](#t001fn004){ref-type="table-fn"}p = .03         9 (8%)           7 (5%)          [^c^](#t001fn004){ref-type="table-fn"}p = .31         16 (6%)

  Chest pains, n (%)                                    4 (5%)                                            2 (1%)           [^c^](#t001fn004){ref-type="table-fn"}p = .12         4 (4%)           2 (1%)          [^c^](#t001fn004){ref-type="table-fn"}p = .26         6 (2%)

  Bone injury, n (%)                                    8 (9%)                                            16 (10%)         [^c^](#t001fn004){ref-type="table-fn"}p = .75         6 (6%)           18 (13%)        [^c^](#t001fn004){ref-type="table-fn"}p = .05         24 (10%)

  Allergies, n (%)                                      9 (10%)                                           9 (6%)           [^c^](#t001fn004){ref-type="table-fn"}p = .21         9 (8%)           9 (7%)          [^c^](#t001fn004){ref-type="table-fn"}p = .59         18 (7%)

  Advised not to do physical activity, n (%)            1 (1%)                                            1 (.6%)          [^c^](#t001fn004){ref-type="table-fn"}p = .68         1 (.9%)          1 (.7%)         [^c^](#t001fn004){ref-type="table-fn"}p = .86         2 (.8%)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note

^a^ Mean ± SD

^b^ Independent samples t-test

^c^ Pearson Chi-Square test

\*percentages do not add up to 100% because of missing data.

Daily PA, muscle strengthening activities, and sedentary behavior by HIV status and sex {#sec016}
---------------------------------------------------------------------------------------

To address the first objective of the study, a two-way MANOVA was run to determine differences in daily PA, muscle strengthening activities, and sedentary behavior by HIV status and sex, controlling for age and BMI. The results indicated that there was not a significant interaction effect, *F*(3,232) = 1.36, *p*\>.05. However, there were significant main effects for HIV status, *F*(3,232) = 3.18, *p* \< .05, $\eta_{p}^{2}$ = 0.04, and sex, *F*(3,232) = 12.27, *p* \< .05, $\eta_{p}^{2}$ = 0.14, which will be discussed because of limited research in this area and the relevance of these variables to the study's objectives. An examination of univariate results indicted that the significant differences for HIV status were evident for daily PA, *p* \< .05, and for muscle strengthening activities, *p* \< .01. The mean differences showed that the HIV- group (*M* = 1.20, *SE* = 0.06, *CI* = 1.08 to 1.32) had significantly higher daily PA than the HIV+ group (*M* = 0.99, *SE* = 0.08, *CI* = 0.82 to 1.15*)*. The HIV- group (*M* = 0.91, *SE* = 0.06, *CI* = 0.79 to 1.03) also had a significantly higher mean for muscle strengthening activities than the HIV+ group (*M* = 0.63, *SD* = 0.08, *CI* = 0.47 to 0.78*)*. Univariate analyses for sex indicated that the only significant effect was for muscle strengthening activities with males (*M* = 1.05, *SE* = 0.07, *CI* = 0.91 to 1.20) reporting more muscle strengthening activities than females (*M* = 0.48, *SE =* 0.07, *CI* = 0.34 to 0.61). A summary of the mean differences by HIV status and sex is presented in [Table 2](#pone.0225890.t002){ref-type="table"}.

10.1371/journal.pone.0225890.t002

###### Means and standard errors for daily PA, muscle strengthening and sedentary behavior by HIV status and sex.

![](pone.0225890.t002){#pone.0225890.t002g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                   HIV+\          HIV-\          *p*-value[^a^](#t002fn002){ref-type="table-fn"}   Males\         Females\       *p*-value[^b^](#t002fn003){ref-type="table-fn"}   HIV+ Males\   HIV+ Females\   HIV- Males\    HIV- Females\   *p*-value[^c^](#t002fn004){ref-type="table-fn"}
                                             N = 87         N = 153                                                          N = 106        N = 134                                                          N = 43        N = 44          N = 63         N = 90          
  ------------------------------------------ -------------- -------------- ------------------------------------------------- -------------- -------------- ------------------------------------------------- ------------- --------------- -------------- --------------- -------------------------------------------------
  Daily PA                                   0.99 ± 0.082   1.20 ± 0.062   *p* = .045                                        1.19 ± 0.075   1.00 ± 0.069   *p* = .064                                        1.15 ± 0.12   0.82 ± 0.11     1.22 ± 0.094   1.17 ± 0.0.81   *p* = .160

  MSA[\*](#t002fn005){ref-type="table-fn"}   0.63 ± 0.080   0.91 ± 0.060   *p* = .006                                        1.05 ± 0.073   0.48 ± 0.067   *p* \< .001                                       0.94 ± 0.11   0.31 ± 0.11     1.16 ± 0.092   0.65 ± 0.080    *p* = .529

  Sedentary                                  1.02 ± 0.071   0.92 ± 0.053   *p* = .246                                        1.04 ± 0.90    0.90 ± 0.059   *p* = .135                                        1.14 ± 0.10   0.90 ± 0.10     0.93 ± 0.081   0.91 ± 0.070    *p* = .211
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note

^a^ ANOVA main effect for HIV status

^b^ ANOVA main effect for sex

^c^ ANOVA sex x HIV status Interaction

\*Muscle Strengthening Activities

Psychosocial factors, Daily PA, muscle strengthening, sedentary behavior and HIV Status {#sec017}
---------------------------------------------------------------------------------------

The MANOVA indicated that there was a statistically significant multivariate main effect for HIV status, *F*(3, 233) = 6.49, *p*\< .001, $\eta_{p}^{2}$ = .08. The univariate results indicated that this effect was significant for PASE, *p* \< .001, and for BWS, *p* \< .05. An examination of means for PASE by HIV status showed a higher mean for HIV- participants (*M* = 3.58, *SE* = 0.07, *CI* = 3.44 to 3.72) compared to HIV+ participants (*M* = 3.11, *SE* = 0.09, *CI* = 2.93 to 3.30). Results for BWS indicated that HIV- participants (*M* = -0.24, *SE* = 0.05, *CI* = -0.35 to -0.14) reported a more negative BWS than did HIV+ participants (*M* = -0.03, *SE* = 0.07, *CI* = -0.18 to 0.11).

A subsequent MANOVA was conducted using the absolute value of BWS instead of BWS to see if the previous finding was driven by the direction of the discrepancy rather than the magnitude of the discrepancy. The results yielded a statistically significant multivariate main effect for HIV status, *F*(3, 233) = 5.80, *p* \< .01, $\eta_{p}^{2}$ = .07. However, the univariate results indicated that this effect was only significant for PASE, *p* \< .001.

Multiple regression analyses were run to address the third of objective of this study regarding whether PASE, BWS, and enjoyment of PA are associated with daily PA, muscle strengthening activities, and sedentary behavior, controlling for age, sex, and BMI. Age, sex, and BMI were simultaneously entered in model 1 of the regression followed by the three psychosocial correlates in model 2. The results are summarized in [Table 3](#pone.0225890.t003){ref-type="table"}.

10.1371/journal.pone.0225890.t003

###### Summary of multiple regression results.

![](pone.0225890.t003){#pone.0225890.t003g}

  Variable                              *B*     *SE*~*B*~   *β*
  ------------------------------------- ------- ----------- ------------------------------------------------
  **Daily PA**                                              
  PASE                                  0.25    0.06        0.28[\*\*\*](#t003fn002){ref-type="table-fn"}
  BWS                                   0.03    0.08        0.03
  Enjoyment of PA                       0.08    0.04        0.14[\*](#t003fn004){ref-type="table-fn"}
  Sex                                   -0.07   0.10        -0.05
  Age                                   -0.02   0.02        -0.06
  BMI                                   0.01    0.01        0.07
  **Muscle strengthening activities**                       
  PASE                                  0.23    0.06        0.25[\*\*\*](#t003fn002){ref-type="table-fn"}
  BWS                                   -0.07   0.08        -0.05
  Enjoyment of PA                       0.09    0.04        0.16[\*](#t003fn004){ref-type="table-fn"}
  Sex                                   -0.48   0.09        -0.30[\*\*\*](#t003fn002){ref-type="table-fn"}
  Age                                   -0.05   0.02        -0.14[\*](#t003fn004){ref-type="table-fn"}
  BMI                                   0.00    0.01        -0.00
  **Sedentary behavior**                                    
  PASE                                  0.04    0.05        0.05
  BWS                                   0.10    0.07        0.09
  Enjoyment of PA                       0.05    0.03        0.11
  Sex                                   -0.06   0.09        -0.04
  Age                                   0.06    0.02        0.20[\*\*](#t003fn003){ref-type="table-fn"}
  BMI                                   0.00    0.01        0.00

Note.

\*\*\**p* \< .001

\*\**p*\< .01

\**p*\< .05; **B** = Unstandardized Coefficient

***SE***~***B***~ = Standard error; ***β =*** Standardized Coefficient

After controlling for age, sex, and BMI in model 1, PASE, BWS, and enjoyment of PA explained a significant portion of the variance in daily PA, *F*(6, 233) = 6.55, *p* \< .001, adjusted *R*^2^ *=* .13. Higher PASE (*B* = .25, 95% CI \[.13, .36\], *β* = .29, *p\<* .001) and greater enjoyment of PA (*B* = .08, 95% CI \[.00, .15\], *β* = .14, *p\<* .01) were predictive of higher daily PA. Both model 1 (age, sex, and BMI), *F*(3, 236) = 11.15, *p* \< .001, adjusted *R*^2^ = .11, and model 2 (PASE, muscle strengthening activities, BWS), *F*(6, 233) = 12.60, *p* \< .001, adjusted *R*^2^ = .23, were statistically significant predictors of muscle strengthening activities. Males reported more muscle strengthening activities than females (*B* = -.48, 95% CI \[-.67, -.30\], *β =* -.29, *p \<* .001), while an increase in age was associated with a decline in muscle strengthening activities (*B* = -.05, 95% CI \[-.09, -.01\], *β =* -.14, *p =* .01). Higher PASE (*B* = .23, 95% CI \[.12, .34\], *β =* .25, *p \<* .001) and enjoyment of PA (*B* = .09, 95% CI \[.02, .15\], *β =* .16, *p \<* .02) were predictive of greater participation in muscle strengthening activities. Only the covariates were significant predictors of variance in sedentary behaviors, *F*(3, 236) = 4.12, *p* \< .01, adjusted *R*^2^ = .05. Age significantly predicted sedentary behavior (*B* = .06, 95% CI \[.02, .10\], *β* = .20, *p \<* .01), indicating that older age was associated with more sedentary behavior.

Discussion {#sec018}
==========

There is limited research evidence related to psychosocial correlates and determinants of PA and sedentary behavior among youth who are not middle or upper-class and from western countries. Furthermore, there is no evidence on these relationships among adolescents living with HIV. Given the known benefits of PA participation to overall health and wellbeing, such information would be valuable to PA and health promotion among this group. Therefore, we sought to examine if daily PA, muscle strengthening activities, and sedentary behavior differ by HIV status and sex while controlling for age and BMI. Second, we wanted to determine if psychosocial correlates of PA (PASE, BWS, and enjoyment of PA) differ as a function of HIV status while controlling for age, sex and BMI. Finally, we wanted to determine if psychosocial factors are associated with participation in daily PA, muscle strengthening activities, and sedentary behavior among youth in our study while controlling for their age, sex, and BMI.

Descriptive data shows that except for being shorter, lighter, older, and reporting more cases of diabetes and asthma, the HIV+ group did not differ significantly from the HIV- group on selected demographic variables and indicators of overall health and wellbeing. Importantly, given the differences in height, weight, and age, all analyses were conducted controlling for BMI and age.

Results from this study show that males spent significantly more time in muscle strengthening activities than females. They also reported a marginally higher involvement in daily PA compared to females. These significant sex differences are noteworthy because they are consistent with previous findings on PA and muscle strengthening activities \[[@pone.0225890.ref012],[@pone.0225890.ref013],[@pone.0225890.ref032]\]. Previous studies observed that PA disparities between males and females are due to a myriad of factors. Many of these are related to policy limitations when it comes to the promotion of PA among females, safety concerns for females, and limited access and opportunities for females. There is also gender role socialization and persistent sociocultural perceptions of PA as a male domain, which is more prevalent in some countries compared to others \[[@pone.0225890.ref043]\]. Anecdotal evidence suggests Botswana is among countries where cultural perceptions of gender roles and sport socialization reinforce sex disparities in sport and PA participation. For instance, participants in structured and less structured neighborhood soccer programs are overwhelmingly male, while similar program opportunities are extremely limited for females. Higher participation in muscle strengthening activities are among males compared to females is also noteworthy. The differences could be explained in terms of sex-based preferences for muscle strengthening activities, as well as, cultural or contextual reinforcement of these behaviors and attitudes. It could be that a social narrative that associates muscularity and physical strength with a greater sense of maleness encourages more males to engage in weightlifting and muscle development activities compared to females \[[@pone.0225890.ref044]\]. This may also be an outcome as well as predictor of perceived efficacy (PASE) regarding muscle strengthening activities. The findings suggest addressing structural and socio-cultural constraints to participation in PA and muscle strengthening activities remains key to reducing sex disparities.

No significant differences were found on sedentary behavior by sex or HIV status, however, sedentary behavior significantly increased with age. This finding is consistent with what has been reported about the growing prevalence of sedentary behavior across children and youth populations \[[@pone.0225890.ref012],[@pone.0225890.ref043]\]. It also means this problem cuts across sex and HIV status. This is not surprising given that the HIV+ and HIV- groups in this study had similar profiles as demonstrated by selected demographic variables and indicators of overall health and well-being. Findings on sex differences in sedentary behavior, however, have been inconsistent. Guthold et al. \[[@pone.0225890.ref032]\] found no sex differences in sedentary behavior in 31 of the 34 countries they studied, but Botswana was one of the few where females were found to be more sedentary than males. This finding was not supported by our data. It could be that our study had a smaller and narrower sample of youth compared to the sample described by Guthold and colleagues.

Results from this study showed that the HIV- group had higher daily PA, muscle strengthening activities and PASE, but lower BWS than the HIV+ group. The results also showed a positive relationship between PASE, enjoyment of PA and higher participation in daily PA and muscle strengthening activities. This suggests improvements in PASE might benefit PA behavior, especially among HIV+ youth. The positive relationship between PASE and higher participation in daily PA and muscle strengthening activities confirms findings from previous studies, which suggests that attitudes and efficacy beliefs are indeed important predictors as well as mediators of PA behavior \[[@pone.0225890.ref009],[@pone.0225890.ref026],[@pone.0225890.ref042],[@pone.0225890.ref045]\]. This study supports the facilitative role of higher self-efficacy in PA participation reported in a systematic review of literature by Cortis et al. \[[@pone.0225890.ref008]\]. Cortis and colleagues reported that a convincing positive association between self-efficacy and PA was evident in 45% of the reviews that explored this relationship. Similarly, Dzewaltowski et al. found that even greater perception of PA opportunities was associated with higher PA self-efficacy \[[@pone.0225890.ref042]\]. Higher PASE and higher engagement in daily PA and muscle strengthening activities among the HIV- group compared to the HIV+ group is noteworthy. Given what is known about the centrality of experience and task mastery as dependable sources of efficacy beliefs \[[@pone.0225890.ref004],[@pone.0225890.ref005]\], it is possible that lower PA levels in the HIV+ group would have led to lower perceived efficacy about the group's capacity to engage in PA and vice versa. Low PA and fitness in HIV+ in children on ART have been previously reported \[[@pone.0225890.ref046]\]. Understanding why this happens deserves more attention because it has implications on PA decline in adulthood.

Although, this study's findings on the direction and magnitude of BWS were not consistent, they may have implications relative to body image and body dissatisfaction issues reported in previous studies \[[@pone.0225890.ref026],[@pone.0225890.ref044],[@pone.0225890.ref047],[@pone.0225890.ref048]\]. First, the current findings support conclusions from the body image literature regarding the complexity of determining BWS in adolescents and youth populations \[[@pone.0225890.ref043],[@pone.0225890.ref045]\]. The observed difference between the groups suggest a possible context specific association of thinness with ill-health reported previously (40). Considering the overall low prevalence of overweight and obesity in this sample of youth, and the fact that the HIV- group had a higher BMI score (although not statistically significant) and had fewer underweight cases compared to the HIV+ group, it is plausible that the higher BWS in the HIV- group simply represented a preference for a larger or heavier body that wasn't there for the HIV+ group. The body weight discrepancy might have been of lesser concern to HIV+ participants because they have gotten used to having smaller and lighter bodies as a consequence of their long-term health condition. Earlier findings from this group showed that they had stunting and were generally underweight (35). Caution is advised regarding this directional interpretation of BWS because the discrepancy between the actual and ideal weight has been found to go in either direction as a result of various factors not examined in this study, such as, self-esteem, family factors, and mental health \[[@pone.0225890.ref045]\]. This would make preference for thinness among adolescents and youth reported elsewhere \[[@pone.0225890.ref045]\] a less likely explanation for the body weight dissatisfaction observed in this study.

The current findings suggest that more research is needed to understand the role of psychosocial factors like PASE, BWS, and enjoyment of PA on PA and health behaviors of youth living with HIV. The differences on daily PA and muscle strengthening activities between HIV+ and HIV- participants suggest more research is needed to understand the extent to which the disease and being on ART limits or alters the trajectories of PA and muscle strengthening activities for individuals living with HIV. Another important consideration is the impact of culture, gender roles, and body stereotypes on PA behaviors for individuals living with HIV and on ART. Evidence of emotional challenges associated with peripheral fat loss and central fat gain due to ART, reported elsewhere, suggest this is an issue worthy of investigation \[[@pone.0225890.ref024]\]. An exploration of possible intersections with cultural perceptions of body image and BWS will also be interesting \[[@pone.0225890.ref029]\]. Investigating these complex relationships requires more robust designs, such as randomized control trials, mixed methods, and longitudinal designs.

There are several limitations worth noting in the current study. First the cross-sectional nature of our study means we cannot determine a causal relationship between study variables. Although we have discussed these findings as suggesting that PASE and enjoyment of PA predict PA and muscle strengthening activities, the opposite is equally possible. Although the HIV+ group was assessed in a previous study in which they were followed for a few years, data from this study is truly cross-sectional. A time series longitudinal design allowing periodic assessments of this group and their counterparts who are HIV- would certainly allow for stronger conclusions. This line of research could also benefit from experimental and mixed-method designs.

Another limitation of our study is that our data is based solely on self-report measures. Given the known limitations of self-reported PA, the use of objective measures of PA and muscle strengthening activities is likely to enhance the quality of PA assessment. Although the YRBSS and the PASE items have been used quite extensively and produced highly consistent results with different sub-populations, there may be cultural and other contextual limitations to these tools that may affect the quality of responses. Furthermore, we cannot rule out bias from recall and social desirability. Finally, investigations that examine other possible barriers and facilitators of PA, sedentary behavior, and enjoyment of PA in this context and among HIV+ youth are likely to provide additional insights. Objective measures may be needed to verify self-report specially to determine muscular strengthening, enjoyment of PA and BWS. The role of social influencers such as parents, peers, school, and the community should offer a more comprehensive picture of the PA environment. The weak result on enjoyment of PA in the study, when it is generally associated with increased PA and muscle strengthening activities, suggests a need for a more robust measure of this variable.

Conclusions {#sec019}
===========

Overall the current study demonstrates the relationship between PASE, daily PA and muscle strengthening activities. Further, the study shows the potential role that PASE, enjoyment of PA, and BWS could play in the promotion of PA among HIV+ youth. The findings have implications for interventions and clinical research into how PA and exercise could be used to mitigate the effects of living with chronic conditions such as HIV. The findings suggest the possibility of some socio-cultural nuances related to definitions of body weight, body size, and enjoyment of PA that are worthy of further investigation. Studying such nuances may be necessary to understand and develop appropriate strategies to promote healthy PA behaviors and reduce barriers to PA and exercise. One of the strengths of this study is that it offers much needed evidence on correlates of PA and sedentary behavior among a less studied subpopulation of youth. These are HIV+ youth on ART and from an African country. It also makes a comparison of these youth with those who are HIV-. The comparative evidence provided in this study is particularly relevant to the development of a global understanding of PA as it relates to health and wellbeing of youth across the board, especially those living with HIV and other chronic conditions.
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